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FOREWORD 


This report was prepared by Eagle Engineering, Inc. , Hampton 
Division, under contract NASW 4430, sponsored by NASA Langley 
Research Center and the Federal Aviation Administration Technical 
Center under the FAA-NASA Interagency Agreement No. DTFA03-890- 
A-00019 of 13 June 1989. This report fulfills the requirement 
of the Program Plan for the National Aging Aircraft Research 
Program, DOT/FAA/CT-88/32 , August 1989 , Paragraph 2 . 3 . 2 . 1 , Flight 
Loads. 

The Eagle Engineering, Inc. effort was performed by Norman L. 
Crabill and administered under the direction of Joseph W. Stickle 
(NASA Langley Research Center) and Thomas DeFiore (FAA Technical 
Center) . 
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THE NASA DIGITAL VGH PROGRAM- 


EXPLORATION OF METHODS AND FINAL RESULTS 
Volume V: DC 10 Data 1981-1981: 129 HOURS 

Norman L. Crabill 

Eagle Engineering, Inc. 

Hampton Division 
Hampton, Virginia 

SUMMARY 

Data obtained from the Digital Flight Data Recorder System of 
Douglas DC 10 aircraft in 2 3 flights and 129 hours of airline 
revenue operations are presented as an extension of the work 
documented in Volume I of this report. Data on conditions with 
flap deployment are given. No discussion of the data is presented. 

INTRODUCTION 

This document presents the results of the NASA DVGH Program 
obtained during 1981-1982 operations of Douglas DC 10 aircraft. 
The volume is an extension of work and methods documented in Volume 
I. The data reduction analysis and methods and data presentation 
are essentially the same as those reported in Volume I. 



AIRCRAFT AND INSTRUMENTATION 
Aircraft 

The aircraft type was the Douglas DC 10-30 with three General 
Electric CF 6 - 6 D 1 turbofan engines. Characteristics of the aircraft 
used in the data reduction process are given in Table I. The 
configuration is shown in figure 1 . 

Instrumentation 

The data were obtained from the Digital Flight Data Recorder 
System described in Volume I. Measurements were: 


Parameter 

Rancre and 

Samples ner s^rrmH 

a n + 1 

-3g to +6g 

4 

a y 

-lg to +lg 

4 

CAS 

100 to 450 kts 

1 

HP 

-1,000 to 50,000 ft 

1 

FLP 

-5° to 60° 

1 


SCOPE OF DATA 

Data were collected from several aircraft operating in regular 
airline service over the area shown in figure 2 during 1980 through 
1982: All of the data (23 flights and 129 hours) were obtained 

during passenger-carrying revenue service. Due to operational 
difficulties, it was not practical to obtain continuous data from 
one aircraft as in Volumes I and II; it was therefore decided to 
obtain the data from any of several DC 10-30 aircraft being 

operated by the airline over the service route during the 11 months 
of the test. 
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DATA REDUCTION PROCESS 


The Data Reduction Process is basically the same as described 
in Volume I. The filter used to separate maneuver and gust 
acceleration was the same as that described in Volume I, with the 
low and high limits of the band pass set at 0.09 and 1.2 Hz, 
respectively, based on an inspection of representative spectra. 


RESULTS 

Presentation of Flight Profile Statistics results is similar 
to that described in Volume I. Flight Profile Statistics are given 
in Percent of Time, and as Maximum Values on a Percent of Flight 
basis for Entire Flights (flaps up or down) and for Flaps Deflec- 
ted. For operations reported in this volume, the conditions 
existing at flap retraction after lift off, and the conditions 
existing at flap deflection before landing are given. 

Acceleration Derived Statistics are also presented as in 
Volume I, except that with Flaps Deflected, the maximum a n per 
flight and the Equivalent Airspeed occurring are presented for the 
various flap detents in take off and landing. 

The detailed Flight Profile and Acceleration Derived Statis- 
tics are given in figures 3 through 24, as shown in Table II. No 
discussion of the data is presented. The Acceleration Derived 
quantities in this volume are subject to the same limitations dis- 
cussed in Volume I, which indicates that the exceedances derived 
from the DFDR sywtem at 4 samples per second may be significantly 
less than if actual peak values were counted. 
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CONCLUDING REMARKS 


Data obtained from the Digital Flight Data Recorder system of 

Douglas DC 10-30 in 23 flights and 125 hours of airline revenue 

operations are presented as an extension of the work documented in 

Volume I of this report. some new data on conditions with flap 

deployment are given. No general discussion of the data is 
presented. 
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TABLE I 


DOUGLAS DC 10-30 CHARACTERISTICS USED IN THE ANALYSIS 

O Geometrical Characteristics 
o Wing Area = 3647.5 ft 2 
o Wing Mean Chord = 24.65 ft 

O Lift Curve Slope C L ^ per degree 


Flaps up = 

f (M, HP) 


o Flaps down 

= f (FLP) 

M 

HP = 

0 20 kft 

40 kft 

FLP. dea 

HP a 0 

.2 

. 0885 

.0890 

. 0890 

0 

.0885 

.4 

.0850 

.0890 

.0915 

2 

.0930 

.5 

.0825 

.0890 

.0925 

12 

.0970 

.6 

. 0790 

.0890 

.0940 

17 

.0970 

.7 

.0755 

.0900 

.0980 

24 

.0980 

.8 

- 

.0935 

.1050 

37 

.0970 

.90 

- 

. 1005 

. 1160 

50 

.0985 


o Weight was computed linearly with time from take off to 
landing as described in Appendix C in Volume I . 
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TABLE II 


INDEX OF FLIGHT PROFILE AND ACCELERATION STATISTICS 


FLIGHT PROFILE STATISTICS 


o ENTIRE FLIGHTS 


o 


Figure Number 

3 

4 

5 

6 

7 

FLAPS DEFLECTED 

8 
9 

10 

11 

12 


Sub j ect 

Weight vs. Flight Duration 
Altitudes and Gross Weights 
Altitudes and Airspeeds 
Altitude Summary 
Maximum Altitudes 

Flap Detent Use 

Weights, Altitudes and Airspeeds 
Flap Deflection Times 
Equivalent Airspeeds and Detents 
Flap Use above 10,000 ft 


Page Numbers 
11-16 
17 

18-21 

22 

23-24 

25 

26-36 

37-39 

40 

41 
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TABLE II (Continued) 
ACCELERATION DERIVED STATISTICS 


o ENTIRE FLIGHTS 


Figure Number 

Subject 

Page Numbers 

13 Normal 

Acceleration Exceedances 


(a) 

a n matrix 

42 

(b) 

a^ matrix 

43 

(c) 

a nG matrix 

44 

(d)-(m) 

a n' a nM' a n G P lots 

45-54 

14 Lateral 

Acceleration Exceedances 


(a) 

a y matrix 

55 

(b)-(k) 

a y plots 

56-65 

15 U de Exceedances 


(a) 

U de matrix 

66 

(b)-(k) 

U de plots 

67-76 


16 Peak Positive and Negative a n vs. Altitude 

(a) a n matrix 77 

(b) -(k) a n plots 78-87 


17 Peak Positive and Negative a^, vs. Altitude 


(a) 

a^ matrix 

88 

(b)-(k) 

a^ plots 

89-98 

Peak 

Positive and Negative a^ vs. 

Altitude 

(a) 

a nG matrix 

99 

(b)-(k) 

a nc Plots 

100-109 
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TABLE II (Concluded) 


19 Peak Positive and Negative vs. Altitude 


(a) 

matrix 

110 

(b)-(k) 

FLAPS DEFLECTED 

plots 

111-120 

Figure Number 

Subject 

Page Numbers 

20 a n Exceedances with Flaps Deflected 


(a) 

Take Off Detents matrix 

121 

(b) 

Take Off Detents plot 

122 

(c) 

Landing Detents matrix 

123 

(d) 

Landing Detents plot 

124 

21 Peak Positive and Negative a n per flight 

and EAS bands 

(a) -(d) 

Take Off Detents 

125-128 

(e)-(j) 

Landing Detents 

129-135 
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Figure 2. - Location of service area and scope of data. 



PERCENT OF FLIGHTS 


CO vo 

m m 


t* <o 

oooooooooooooooooo 


o o 
O CO 

m m 


o to to 

to cow*oooooo 


o o o o o o o 


oooooooooooooooooo « 


OOOOOOOOOOOOOOOOOO 


OOOOOOOOOOOOOOOOOO 


oooooooooooooooooo 


o 

to 


0 

1 

f 

S3 

ii 

CO 


o 

H 


m tn 

oooooooooooooooooo 


o 

"S' 


o o 
m co 
co m 


o o 
cm m 
cn to 


oooooooooooooooooo 


O 

H i 


oooooooooooooooooo 


01 CM 
CM CO 


oooooooooooooooooo 


*8 

8“ 


Q ^ 
fa 


ooinoinoinomomomoinom 


ot«hhi0Vinm 
l l i l l 


« m n n n h h 
l l l l l i l 



o 

m 

o 

m 

o 

m 

o 

m 

o 

m 

o 

m 

o 

m 

o in o ^ 

8 oi 

M 

00 

r- 

r* 

v© 

VO 

m 

m 

o 

o 

<n 

to 

CM 

CM 

H 



1 1 


Figure 3.- Percent erf flights; weights vs durations. 
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Figure 3.- Continued. 
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Figure 3.- Continued. 
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Figure 3.- Concluded. 
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Figure 4.- Percent time in altitude and gross weigth bands 
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Figure 5.- Percent time in altitude and airspeed bands. 
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Figure 5.- Continued. 
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(d) All flight modes 
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Figure 6.- Percent of flights vs time in altitude bands. 
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Maximum Pressure Altitude, kft. 



(b) Percent of flights to maximum pressure altitude per flight : Plot. 
Figure 7.- Concluded. 
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Time in flap detent in takeoff or landing 
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Figure 8.- Percent of total flight time at each flap detent. 
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Figure 9.- Continued. 
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Figure 9.- Continued. 
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Figure 9. - Continued. 
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FLAP DEFLECTION, DEGREES 
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(c) Landing : Plots of data from Figure 10(b) 
Figure 10.- Concluded. 
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NO OCCURRENCES 


in 

23 Rights and 129 Hours 


Figure 12.- Flap use above 10,000 feet altitude. 
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PRESSURE ALTITUDE BANDS 
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PRESSURE ALTITUDE BANDS 


O ONCDOOAWCiO 


OOOOOOOOOO 


O H V) h « 
*H O »H 


oooooooooooo 


00000000000000000000000000000 oo 


oitfnnvvvpAooi 

mOHHONOHWfl 

OOOOOOOOOOrHcnCMCOCNCOCM^OOOOOOOOOOO 
H« « VH 
CM 


OOOOOOOOOO 


h^movMOtHtn 

OCMiHOOrHiHOCMOOOOO 
N M« P* H 
•HOW 


oooooooooooioom 

(nvo^cNO«of-u>in*<neMHHO 


inotnooooooooooo 

OHHN<n«IOVhCOON*f« 
I I I I III I* I I H H H H 


44 




Incremental Acceleration, g units 

(d) a,, a^, a^o, -500 to 4500 feet altitude 
Figure 13.- Continued. 
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Counts/Hour 
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Figure 13.- Continued. 
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Figure 13.- Continued. 
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Figure 13.- Continued. 
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Figure 13.- Continued. 
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Total Flights 23 

Total Hours 41.46 

Total Miles 19917 



Incremental Acceleration, g units 
(j) a «* 3nM> a no> 29500 to 34500 feet altitude 


Figure 13.- Continued. 
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Counts/Hour 



Incremental Acceleration, g units 
00 a». a^, 34500 to 39500 feet altitude 

Figure 13.- Continued. 
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Figure 13.- Continued. 
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Figure 13.- Concluded. 
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Figure 14.- Continued. 
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Figure 14.- Continued. 
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(b) -500 to 4500 feet altitude 


Figure 15.- Continued. 
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(c) 4500 to 9500 feet altitude 
Figure 15.- Continued. 
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Figure 15.- Continued. 
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Figure 15.- Continued. 
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Figure 15.- Continued. 
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Figure 15.- Continued. 


72 



103 

10 « 

103 

10 * 

I 

SJ ioi 

i 

U ioo 
10 i 
10* 

103 

-50 -40 -30 -20 -10 0 10 20 30 40 50 

U*. ft/sec 

(h) 29500 to 34500 feet altitude 
Figure 15.- Continued. 


Total Flights 23 

Total Hours 41 45 

Total Miles 19917 ’ 


- 










- 




< 

) 





- 




















- 




O 

O 









Q 






- 





XT 





1 1 1 1 

llll 

-LLLL 

1,1 11 

ini 

ini 

1 1 i.i 

■1,1, u 

1 1 n 

ini 


73 



Counts/Hour 



(i) 34500 to 39500 feet altitude 
Figure 15.- Continued. 
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Figure 15.- Concluded. 
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Figure 16.- Peak positive and negative ajj vs altitude. 



Percent of Flights 



Figure 16.- Continued 
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Figure 16.- Continued. 
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Figure 16.- Concluded. 
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Figure 17.- Continued. 
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Figure 17.- Continued. 
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Figure 18.- Continued. 
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Figure 18.- Continued. 
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Figure 18.- Continued. 
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Figure 18.- Concluded. 
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(d) 9500 to 14500 feet altitude 


Figure 19.- Continued. 
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(g) 24500 to 29500 feet altitude 


Figure 19.- Continued. 
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Figure 19.- Continued. 
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Figure 19.- Continued. 
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Figure 19.- Concluded 


120 






ORIGINAL PAGE IS 
OF POOR QUALITY 


oionn 

« M A M 


ooooooooooooooooooooooooooo 


ooooooooooooooooooooooooooooo o 


o 

f J 
3 

H 

£ 

Lu 

o 




oooooooooooooo 


o o o o o 


>0000 


HWHIOAOIOaN 


ooooooooookor*for*'OCM<^noooo 
NOHfON'fl'IH 
h m io h h 


>00000 


mmontfovflio 

VAOlVMn(»WV 

OOOOOOOOOOr^^OSiOf^VOr-knfHOOOOOOO 

h ^ cn *h 


<D « (0 0 t • HI m 

0000000 
d) n n v n <n n 

ooo©oooooooo<MCN<Mr*N«nmo©oo©o 

m (*1 rt # m m w 
w rt w rt d> 


o 

o 


ss 


0 

§§ 


ee 

m 

0 

H 

O 

01 0 

si 

13 

CM 

r- 

«Js 

am 

r-t 

O 

§222 


I 

H 


onnooHO 
A h h A V in d) 
h a A a o a r* 

CM OOOOOOOOOOOOOOWVrM^OO 

oonoin 

« « M H 


>4 

c w w 
0 > > 
u & 


ooooooooooomoin momooooooooooo 

\X)^CMO00r' l ^kO^f r tCM*H»HO OHHWW^tnVJhfOOfil^W 




121 


Figure 20.- ^ exceedances with flaps deflected. 



a. 


(b) Take off 


Figure 20.- Continued. 
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Figure 20.- Continued. 
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Figure 20.- Concluded. 
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Figure 21.- Peak positive and negative per flight vs EAS bands; percent of flights. 
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(f) Landing; flaps 7 degree detent 
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(g) Landing; flaps 12 degree detent 


oooooooooooooo 


ORIGINAL PAGE IS 
OF POOR QUALITY 


83 


oooooooooooooo 


aa 


H 

n 


oooooooooooooo 


oooooooooooooo ooo 


Si 


o 

w 


s 

N 


o o 
r- m 

N N 


88 
N W 


S3 

N N 


ooooooooooo 


!! 



oooooooooooooo oooooo 


o o 
¥ m 

MW oooooooooooooo oooooooo 


o o 

s * 

Mw oooooooooooooo oooooooooooooo oom 


o o 

aa 


oooooooooooooo 


oooooooooooooo noo 

H H 


o o 

aa 


O O O O O I 


O O O O I 


OOOOOOOOOO 


o °3 



ss 

HW OOOOOOOOOOOOOO OOOOOOOOOOOOOO M 


ss 

HH OOOOOOOOOOOOOO OOOOOOOOOOOOOO Hon 


o o 
r* cd 

HH oooooooooooooo oooooooooooooo HOO 



JC 


oooooooooooooo ooo< 




oooooooooo 


OOOOOOOOOl 


o o o o ooo 


oooooooooooo 


o 


oooooooo 


o o 

3 3 


oooooooooooooo 


ooooooooo 


o o 

aa 


8388288 8 3 2 8 3 3 

HHHHOOOOOOOOO 


' O O O o 


8 a: 


33823832388388 
?' ? ? ? ? ? ? ? Y v V V v 7 


OOO 

I I I I I I III' 


3 

? r y y 


333 

• •• 

Hi 

ill 

m 


132 


Figure 21.- Continued. 
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LEVEL FOR EACH FLIGHT 
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(k) Landing; flaps 50 degree detent 
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